With the phonetics of vowels (Werner 2000a) and consonants (Werner 2000b), I have laid the groundwork for phonemic analysis. A phoneme is a class of sounds that can be grouped and represented by a single writing symbol. The first step in phonemic analysis is to discuss phonetic similarity, identify suspicious pairs, and remove at least some suspicions by finding minimal pairs. These issues are the topic of this article.
With the phonetics of vowels (Werner 2000a ) and consonants (Werner 2000b) , I have laid the groundwork for phonemic analysis. A phoneme is a class of sounds that can be grouped and represented by a single writing symbol. The first step in phonemic analysis is to discuss phonetic similarity, identify suspicious pairs, and remove at least some suspicions by finding minimal pairs. These issues are the topic of this article.
PHONETIC SIMILARITY
Phonetic similarity ought to be an objective measure of resemblance between sounds. For example, [s] and [z] are phonetically similar because both are tongue blade fricatives. Their difference is that the first is unvoiced and the second is voiced. In some languages, this voicing and the lack thereof is not significant-it does not contribute to differences in meaning.
The range of phonetic similarity is regrettably not this easy. Pike (1961) said it well: "There is no criterion to tell us exactly [italics added] how similar two sounds must be in order to be possible for them to be united into a single I am grateful for Ken Hale's critical reading of this article. Field Methods, Vol. 13, No. 1, February 2001 97-102 phoneme" (p. 69). That is, there exists no precise measure of acceptable similarity. Figure 1 is Pike's (1961:70) attempt to provide a guide in the identification of similar sounds. Generally, sounds that are articulated in a similar manner in close proximity to each other are good candidates for phonetic similarity, for example,
, sometimes even a group [s/sh/ch/j/ts/dz], and so on. In establishing similarities, phonetic component or feature analysis can be helpful, but this area of phonetics is far too technical for the field anthropologist. Thus, Figure 1 is the best alternative.
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FIGURE 1 Phonetically Similar Sound Segments
SOURCE: Pike (1961) . Reprinted by permission.
Note in Figure 1 the proliferation of phonetic symbols. They are excessive, and, as I have pointed out previously (Werner 2000a (Werner , 2000b , such riches are more confusing than helpful. With tape-recorded speech samples, we can always replay passages and discover finer distinctions than those we used in our initial analysis. Pike (1961:70) noted that the smaller the circles, the more useful they are, and the larger the circles, the more questionable they are. Generally, highly dissimilar phonetic segments should not be grouped into phonemes even if other analytical procedures seem to indicate the possibility. The ultimate arbiters in such controversies should be native speakers' competence.
It is clear from Figure 1 that it might be possible to group into phonemes various [p] sounds (circled symbols in the upper right-hand corner-seven variants are displayed). In some languages, the distinction between [p] and [b] is not significant for a writing system (these two are also circled); that is, the distinction occurs only in exclusively definable environments and is therefore not phonemic. The rest of Pike's circles can be described in a similar fashion. The two large circles (a paragraph is attached to the top; a second is attached to the bottom circle) can be ignored by most nonspecialists. Such wholesale grouping is rare and, if it occurs, may require the expertise of a professional linguist.
Thus, phonetic similarity is a judgment call. The guiding principle should be that no grouping of highly dissimilar phonetic segments is helpful. It may even get in the way of unambiguous writing.
SUSPICIOUS PAIRS
Even a short word list carefully transcribed is sufficient to make an inventory of the phonetic segments. The first step in phonemic analysis (designing a writing system) is to go through the word list, note every symbol, and place the symbol into the chart supplied in Werner (2000b:249) . Here, I will use an example of a greatly simplified word list from an artificial language that Pike (1961:71) The square brackets indicate that the symbols represent sounds or phones. The inventory of phonetic segments (symbols) is in order of their appearance (left to right, one row at a time): ', a, dz, u, p, o, g, l, e, k, t, b, zh, z, v.
Our list of seventeen words is constructed out of fifteen phonetic segments (symbols): four vowels and eleven consonants. Next, we arrange them in our chart of articulatory positions (see Figure 2) . The chart in Figure 2 is schematized but based on the vowel chart in Figure 2 in Werner (2000a:66) .
The distribution of consonants in the Kalaba sample is shown in Figure 3 . Note that number 1 stands for the lips or tongue tip, number 2 the alveolar ridge or tongue blade, number 3 the hard palate or tongue root, number 4 the soft palate, and number 5 the pharynx or vocal cords. The [v] on the right-hand side in column 1 is a labio-dental, voiced fricative.
The circled pairs are suspicious pairs. [zh] . These pairs are "suspicious" because it is probable that each variant of the pair may occur in exclusive environments (technically "in complementary distribution"), and if that is the case one symbol is sufficient to represent both variants.
The first step in continuing the analysis of suspicious pairs is to look for minimal pairs.
MINIMAL PAIRS
Minimal pairs are the best friend of any ethnographer attempting to reduce a language to writing. Minimal pairs are words that are (1) identical except for one phonetic unit and (2) have different meanings. English is a particularly good language for minimal pairs because it has many short words that differ significantly in meaning and are phonetically identical except for one of the units. Some English examples are pit-bit, sit-Sid, dip-tip, sip-zip, sap
, rip-lip, sip-ship, and many more.
Phonetic differences or different sound segments in minimal pairs are a good indication that the contrasting two sounds are candidates for phonemehood, or for an unambiguous symbol for writing the language.
When short words are not available, longer words must be substituted. But longer words often do not form perfect minimal pairs. In those cases, we have to use less than perfect examples. Examples in English are imploreemporium, far-warning, myriad-billiard, and many more.
In Navajo, for example, true minimal pairs are rare, and we have to rely on near-minimal pairs: naaghá, he walks about-naakai, Mexican; shimá, my mother-shibááh my bread; shigah, my rabbit-deeeshkah, I will shoot with an arrow; and many more.
SUMMARY AND CONCLUSION
Even a short list of carefully phonetically transcribed words is sufficient to start a phonemic analysis or the reduction of an unwritten language to writing.
FIGURE 3 Distribution of Consonants in the Kalaba Sample
In step one, we list all symbols that occur in the word list. These should then be placed into charts of articulatory positions (e.g., see Figures 2 and 3) .
In step two, we circle any phonetic segments (symbols) that are close together and consider them suspicious pairs. That is, any suspicious pair has the potential that the two sounds of the pair may be represented by a single symbol without jeopardizing unambiguous writing.
In step three, we look for minimal pairs. That is, we identify words in our word list or beyond that contain the sounds of suspicious pairs but differ in meaning. Finding a minimal pair is often the first indication that we may have to use two different symbols to represent the two sounds that aroused our suspicion in the first place.
It is very rare in the languages of the world to find minimal pairs for every suspicious pair of sounds. Without a minimal pair, it remains uncertain whether two sounds represent variants of the same phoneme or orthographic symbol or are truly distinct. In that case, a more fine-grained analysis of our word lists becomes necessary.
This final analytical step is distributional analysis, or the close examination of phonetic contexts. However, that is the topic of a future article.
